ABSTRACT
INTRODUCTION
The maxillary posterior edentulous area of the mouth presents unique concerns and considerations for implant reconstruction. Typically, periodontal disease and bone resorption after tooth loss result in loss of alveolar bone height. There is usually an initial decrease in bone width secondary to buccal bone plate resorption. This occurs in the posterior maxilla at a more rapid rate than in other areas of the mouth. 1 In addition, with the passage of time, this is accompanied by a significant decrease in bone density as a result of the presence of fewer trabeculae. This combination provides less implant stability and bone contact. Finally, occlusal forces generated in the posterior area of the mouth are greater than in anterior areas. The sinus floor elevation (SFE, augmentation) procedure first introduced by Tatum, 2 Boyne, and James 3 and later modified by many others has resulted in predictable implant placement with long-term success in the posterior maxilla. A less invasive alternative for SFE with concurrent grafting and immediate implant placement was introduced by Summers in 1994. 4 The osteotome sinus floor elevation (OSFE) is generally used in moderately resorbed posterior maxilla to graft the maxillary sinus in combination with immediate implant placement. 5 This technique requires striking the bone with a surgical mallet until the desired depth is reached. During the installation of maxillary dental implants using the OSFE, the surgical trauma induced by percussion with the surgical mallet, along with hyperextension of the neck during the operation, can displace otoliths and result in the appearance of benign paroxysmal positional vertigo (BPPV). 6 BPPV is a common vestibular end organ disorder characterized by short, often recurrent episodes of vertigo that are triggered by certain head movements in the plane of the posterior semicircular canals. 7 Although the incidence of OSFE-induced BPPV was less than 3% (4 in 146 patients) and commonly resolves itself within a month without treatment, 5 the symptoms involved are very unpleasant. 7 The symptoms are sufficiently severe to significantly hinder patients from carrying out normal daily activities if not identified correctly and managed properly. In fact, the SFE (augmentation) procedure is a relatively simple, highly predictable surgical technique, 8 generally considered to be a safe surgical procedure with a low prevalence of complications, 9,10 if
proper treatment planning, careful surgical technique, adequate experience, and patient cooperation are in place. The SFE (augmentation) procedure, however, as is true with any surgery, is not without complications. Although the overall complication rate is relatively low, one of the more common complications is membrane perforation. The purpose of this study was to evaluate retrospectively maxillary sinus functions and complications in 60 patients by using generally accepted diagnostic criteria after sinus lift with lateral window and osteotome approaches followed by dental implant placement from the time of procedure up to 24 months.
MATERIALS AND METHODS

Patients Selection
From January 2006 to January 2008 (an interval of 24 months), 60 patients were recorded for this retrospective study (27 males and 33 females). Patients who showed any uncontrolled systemic disease, ongoing chemo-or radiotherapy or a history of maxillary sinus diseases were excluded before starting the surgical procedures. Before treatment, all patients were clinically and radiographically examined (by periapical and panoramic radiography). A total of 113 ITI dental implants were simultaneously placed according to the procedure that performed for each case. The types of procedures were selected based on residual subsinus alveolar bone height (RSBH) in the areas of interest. The cases with pre-existing available bone height were closed to 3 mm, the sinus elevation augmentation procedures with lateral window were performed, and the cases with available bone height were more than 4 mm, the OSFE were performed without grafting materials. Preceding the surgical procedure, all patients were asked about a history of maxillary sinusitis-related symptoms. Upon sitting up after surgery, a questionnaire on the patient's experienced intense vertigo with nausea, especially when they changed the position of their heads had been completed, and radiographic examinations were performed. Perforations of the Schneiderian membrane during SFE for both procedures were noted. Complication of the surgical procedure such as: infection of maxillary sinus, loos of bone particles through the nose, wound dehiscence, poor primary stability of implant, bleeding from injured vessels, implant migration within the sinus, graft migration within the sinus, and nerve exposure or injuries were recorded.
Surgical Technique
All the procedures were performed under local anesthesia. Prophylactic oral antibiotics were used routinely (amoxicillin 500-1,000 mg), beginning 8 hours before the procedure and continued for 7 days. Lateral window procedure allows direct vision of the elevated sinus membrane. The implants are placed either simultaneously with the graft (one-stage lateral antrostomy) or after a delayed period of up to 9 months to allow for graft maturation (two-stages lateral antrostomy). An example of the surgical procedures of lateral window procedure for the two methods were performed are visible in (Figs 1A to G) and (Figs 2A to G). The initial bone thickness at the alveolar ridge seems to be a reliable indicator in deciding between these two methods. The maxillary sinus function and complications for both procedures were recorded. The sinus augmentation procedure followed the technique described by Tatum 2 et al. 11, 12 Care was taken not to perforate the sinus membrane. When a membrane perforation was discovered, the membrane surrounding the perforation was delicately dissected with a blunt instrument, in an attempt to relieve the pressure, at the perforated area. A number of techniques that are commonly used for membrane perforation repair have been reported in the literature. For small membrane tears, a collagen membrane (Colla Tape, Sulzer Calcitek, Carlsbad, CA) is usually used, [13] [14] [15] [16] [17] or overlap of the elevated membrane can be adequate in itself. 13 Once the resulting space had been examined and injuries to the membrane were repaired, the implants sites were prepared. Preparation of the fixture sites was undertaken using surgical guides based on waxup models and according to the standard clinical procedures for the implant system. All implants placed at the sinus lift procedures were considered to be clinically stable. At this stage, the graft was placed. The posterior part of the cavity was grafted first, followed by the anterior portion and finally the central area. Filling material consisted of inorganic bovine bone mineral (Bio-Oss; Geistlich) mixed with autologos bone collected from implant drilling. This grafting protocol was used in all patients. The amount of grafting material used at each site varied according to the extent of maxillary bone resorption and sinus anatomy. Care was taken not to obstruct the middle nasal meatus to allow free sinus drainage. After graft placement and packing, the mucoperiosteal flap was repositioned and sutured with monofilament sutures. For the osteotome SFE followed technique introduced by summer, 4 was initiated, an example of the surgical procedures of OSFE procedure were performed and are visible in Figures 3A to E. The surgery lasted about 40 minutes. Upon sitting up after surgery, the patients' experienced intense vertigo with nausea, especially when they changed the position of their heads. They sat in the dental chairs and rested for 30 minutes. For osteotome approach, valsalva test to check patency of the Schneiderian membrane was noted. 
Postoperative Care
Patients were advised to place ice bag on the maxillonasal region for 2 hours after the intervention. Patients were also advised not to blow their noses and to sneeze with an open mouth for 1 week after surgery. Patients were also instructed not to wear their dentures for 2 weeks postoperatively. In addition to standard self-performed hygiene included chlorhexidine gluconate 0.1% twice daily for the first 3 weeks after implant surgery. Since bone substitutes had been used, the patients were also placed on antibiotics for the first week.
Prosthetic Procedures
At the time of prosthodontic part for all the cases, periapical radiographs were taken to check the clinical and radiographic situation of the implants before starting the prosthetic parts. The cover screws were removed and healing caps inserted. Two weeks later, the solid abutments were attached to the implants at the posterior sites with a torque of 35 Ncm. Impressions were taken in polyether materials (Impregum penta; 3M ESPE, seefeld, Germany) using impression baskets and position cylinders. The restorations were fabricated in the laboratory based on the master casts. Implant-supported single PFM crowns and fixed partial dentures were cemented as final reconstructions. Periapical and panoramic radiographs were taken to check the clinical and radiographic situation for these cases every 3 months for about 2 years, and to record any clinical or radiographic complications within 2 years and after treatments.
RESULTS
A total of 79 SFE procedures were performed in 60 patients (27 males and 33 females) followed with 113 ITI dental implants placements, with average age of 41.2 years (range: 29-57 years). Descriptions of SFE procedures for 60 patients were documented (Table 1) . In all cases the postoperation period were free of major complications. Complications for both procedures such as maxillary sinus perforation, and bleeding from injured vessels were reported with rate of occurrence 3.2 to 5.1%. Complications with SFE procedures were recorded (Table 2) .
Vertigo was reported for all patients with osteotome approach. All the implants were presented with correct osseointegration and received single crowns or fixed prostheses. All the implants successfully fulfilled the Alberktsson et al criteria. 18 By using the questionnaires; all the patients with OSFE procedures suffered dizziness accompanied with nausea immediately after sinus lift procedure and disappear within 2 to 4 weeks. No patients with lateral window approach suffered dizziness accompanied with nausea after sinus lift procedures. Maxillary sinus membrane perforations occurred and small for 4 out of 79 procedures, two cases for each procedure, and had been repaired. The perforation for the lateral window procedure considered as small perforation and had been managed by leaving the membrane folding over itself when lifting; thus obviating the need for repair. 12, 19 Sinus membrane perforations for OSFE procedure were checked by having the patient blow through their nose, any air bubbles in the socket was a sign of sinus perforation (valsalva test to check patency of the Schneiderian membrane), and managed by installing the implants into the prepared implant bed which were enough to block the small perforated site. Radiographically, the apical elevation of the sinus floor for both procedures were observed together, with the presence of radiopaque material with greater density than the bone for lateral window procedure and radiopaque line above the apical border of the implant for OSFE procedure.
Clinically, no complication of the surgical procedure such as: infection of maxillary sinus, lose of bone particles through the nose, wound dehiscence, poor primary stability of implant, bleeding from injured vessels, implant migration within the sinus, graft migration within the sinus, and nerve exposure or injuries were noted.
No records of bone resorption at implant sites, implant failures and swelling or pain at any area close to the surgical side were noted.
DISCUSSION
With osseous atrophy in the posterior zones of the upper maxilla, due to the great predictability of the procedure and little complications encountered; currently two main approaches to the maxillary SFE procedure can be found in the literature. The first approach, lateral antrostomy, is the classic and more commonly performed technique originally described by Tatum. 2 More recently, summers advocated a second approach: the crestal approach, using osteotomes. 4 The crestal approach is considered to be a more conservative method for SFE. 26 The highest value in the literature is 36/81 (44%). 20 The complications in our study showed the lower end of the reported rates, however it is all the more important to evaluate the outcome after the perforation of Schneiderian membrane and other complications. The sinus membrane is important to avoid displacement of particular graft materials into the sinus cavity. 20 We used bone chips and bone substitutes (hydroxylapatite). Even small nonobserved perforations that are contingently to be overseen during surgery can pose a risk if left untreated. They should be followed and treated thoroughly, although they can fold together, 20, 26, 27 and virtually disappear.
As a comparison between one or two stages for lateral window procedure, immediate implant insertion was performed only if the residual bone was stable and high enough to ascertain high primary stability as one stage procedure. When this was not possible, the implants were inserted late as two stages procedure.
Preparation of the implant beds with osteotomes and a surgical mallet transmits percussive forces capable of detaching heavy, inorganic particles (otoliths) from the otoconia layer of the utricular macula. 5, 7, 28 Moreover, during surgical positioning of the patient face up and his head in hyperextension favor the displacement of otoliths into the posterior semicircular canal, [5] [6] [7] 28, 29 (canalithiasis; i.e. that which is free floating from the macula and gravitates into the endolymph of the semicircular canal). Then the otoliths float around in the gravity-sensitive endolymph system, causing vertigo. 28 These disturbances are almost in the plane of the posterior semicircular canal, although in some cases the other semicircular canal is affected. 6 The diagnosis of BPPV is established by inducing a rapid change from the sitting position to the left or right head-hanging position. 5, 30, 31 Patients with BPPV experience vertigo when moved rapidly into a supine position with the head turned so that the affected ear is 30 to 45° below the horizontal plane. 2, 3, 10 The vertigo occurs with a latency of 1 to 40 seconds after the patient has been placed in the provoked position (usually after 1 to 5 seconds). Clinicians may prescribe pharmacological management to either reduce the spinning sensation of vertigo and/or to reduce the accompanying motion sickness symptoms. The most commonly used are benzodiazepines and antihistamines. Benzodiazepines, such as diazepam, and clonazepam, have anxiolytic, sedative, muscle relaxant, and anticonvulsant properties derived from potentiating the inhibitory effect of the gamma-amino butyric acid system. Antihistamines, on the other hand, appear to have a suppressive effect on the central emetic center which relieves the nausea and vomiting associated with motion sickness. Common examples of antihistamines used to treat symptoms of vertigo and/or associated motion sickness include meclizine and diphenhydramine. Motion sickness medications are sometimes helpful in controlling the nausea, but are generally not very beneficial. 28, 33 The clinician should know about and expect BPPV after the osteotome technique. To prevent this complication, gentle malleting and a careful approach should be taken during the osteotome technique.
CONCLUSION
Based on the results of this study, SFE surgery is a safe and effective method of increasing vertical height in the posterior maxilla. Up to 24 months, though complications have not been shown to have an adverse effect on maxillary sinus function nor implant survival, it may be possible that successful resolution of these problems mitigate their influence on implant survival. Therefore, identification and management of potential complications are necessary and important to the success, long-term maxillary sinus function and stability of dental implants.
CLINICAL SIGNIFICANCE
The clinician performs SFE with either lateral window or osteotome procedures needs to understand the difficulties and morbidity arising in the event of complications and must be able to correctly judge the individual risk and the presence of modifying factors that may cause these complications.
